dence and etiology of lateral mass fractures during cervical lateral mass screw fixation in our clinical practice. It was hypothesized that the incidence of lateral mass fracture is higher than reported in previous literature, and there are specific patient subgroups exhibiting increased risk of this complication.
Methods

Study Population
One hundred twenty patients (583 lateral masses) who underwent cervical lateral mass screw fixation between 1997 and 2010 were included in the study. Among these patients, 3 patients (16 screws) who underwent cervical lateral mass screw fixation via an exceptional type of instrumentation were excluded. Lateral mass screws inserted at the C-7 level (10 screws) were excluded from the analysis because of the difference in bone morphology. Screw insertion was not attempted in 2 lateral masses at the C-3 level because of inadequate bone stock or size based on the intraoperative assessment of the surgeon. Therefore, 117 patients (555 lateral masses) composed the base for this study. All screws were placed using a modified Magerl method. The average age at surgery was 57 years (range 15-86 years). There were 72 male and 45 female patients who underwent 98, 173, 177, and 107 screw insertions at the C-3, C-4, C-5, and C-6 levels, respectively. Preoperative diagnoses were traumatic lesion (trauma), cervical spondylotic myelopathy, RA, ossification of the posterior longitudinal ligament, DSA, cerebral palsy, and tumor and other lesions ( Table 1) . Diagnosis of DSA was made based on the radiological findings exhibiting narrowing of the intervertebral disc space with presence of erosion and cysts in the adjacent vertebral plates associated with minimal osteophyte formation. 16 The OASYS system (Stryker Spine) with 3.5-mm screws and the Olerud system (Anatomica) with 4.0-mm screws were used in 52 patients (249 lateral masses) and 65 patients (306 lateral masses), respectively ( Table 2) . Instrumentation type was selected arbitrarily for each patient. The surgical procedure is illustrated in Fig. 2 .
During surgery, the patient was placed prone. The cervical spine was maintained in a neutral position using 3-pin skull fixation. Fluoroscopy was used only to confirm the alignment of the cervical spine and to identify the level for screw placement. The subsequent screw procedure was performed without the use of fluoroscopic images. After exposure of the posterior elements, the facet joints at the fixation level were decorticated. Great care was taken to protect the facet joint above and below the instrumented levels. The lateral mass was drilled and tapped prior to laminectomy or laminoplasty. The entry point was 1 mm medial to the midpoint of the lateral mass. An awl was used to create the starting hole. The intended angle of the screw trajectory was directed approximately 30° laterally and superiorly (parallel to the facet joint), which is a modification of the Magerl method. The superolateral quadrant is regarded as the "safe zone,"
22 which is considered the imaginary target of the trajectory. The depth of the drill bit started from 14 mm, and the drilling was performed to allow for bicortical screw purchase when feasible. In most cases, fixation of the cervical spine was performed after completing decompression. Pedicle screws were used instead of lateral mass screws for C-7 lateral masses. During the study period, all procedures were performed by one of 5 experienced spine surgeons at our institution.
Definition of Lateral Mass Fracture
The definition of intraoperative lateral mass fracture was based on perception of a crack in the lateral mass during screw placement (drilling, tapping, and screwing) by experienced spine surgeons. Data regarding screw pullout and breakage detected initially by CT scanning in the early postoperative period were not included because it was impossible to determine whether the event occurred intraoperatively or in the early postoperative period.
Incidence and Analysis of Risk Factors of Intraoperative Lateral Mass Fracture
The incidence of intraoperative lateral mass fracture during lateral mass fixation among all cases was calculated. Thereafter, subgroup analyses were performed based on factors such as age, sex, side of fracture, cervical level, screw outer diameter, and underlying morbidity. Patient age was stratified as 65 years or older and younger than 65 years. In the assessment of potential risk factors for this complication, univariate and multivariate analyses were used for evaluation.
Management for Intraoperative Lateral Mass Fracture
The operative record of each patient was thoroughly reviewed to examine how the surgeon coped with the lateral mass fracture intraoperatively.
Statistical Analysis
Statistical analyses were performed using the Fisher exact test for analysis of intergroup differences, while the significance of each of the potential risk factors was assessed using the stepwise logistic regression test. A p value < 0.05 was considered to be statistically significant.
Results
Incidence of Lateral Mass Fractures
Incidence of lateral mass fractures during cervical lateral mass fixation among all cases was 4.7% (26 lateral masses), or in other words, 20 patients (17.1%) had this complication (Table 3 ). In the subgroup analysis (Table 4) , it was shown that the incidence was significantly higher in patients with DSA (18.8%, 12 lateral masses). As a result, we found that more than half of the patients with hemodialysis (63.6%, 7 patients) had this complication. There were 4 patients who had multiple broken lateral masses, 3 of whom had DSA (Fig. 3) . Age, sex, and side of fracture showed no significant difference (p = 0.835, p = 1.000, and p = 0.851, respectively). Regarding the level of the cervical spine, the rate of lateral mass fracture was significantly higher at C-6 (9.3%) than at other cervical levels (p = 0.035). Incidences of lateral mass fracture were 5.6% and 3.6% with 4.0-mm screws and 3.5-mm screws, respectively (p = 0.318). When the effects of screw diameter on the fracture rate were assessed in patients with DSA, the incidence of lateral masses fixed with 4.0-mm screws was higher than that of those fixed with 3.5-mm screws, with no significant difference (25.6% vs 8.0%, p = 0.106).
Multivariate Analysis
In the multivariate analysis, independent risk factors identified by stepwise logistic regression were DSA (OR 7.890 [95% CI 3.430-18.200], p < 0.001) and screw placement in the C-6 lateral mass (OR 2.800 [95% CI 1.190-6 .590], p = 0.018) ( Table 5) .
Management for Intraoperative Lateral Mass Fracture
During intraoperative management to deal with intraoperative lateral mass fracture, screw insertion at the corresponding level was abandoned in 15 of the 26 lateral masses with fractures (Table 3 ). In 3 of these 15 lateral masses, the fusion level was extended to the adjacent level. In the remaining 11 lateral masses in which the screw was placed at the level of fracture, the screw trajectory or length was altered in 5 lateral masses. Overall, the occurrence of this complication compelled the surgeon to reinsert the screw or abandon screw placement in 77% of cases.
Discussion
Findings of the Present Study
The present study demonstrated the following findings. 1) The overall incidence of lateral mass fractures during cervical lateral mass fixation was 4.7%.
2) The incidence was highest in patients with DSA (18.8%). 3) Independent risk factors identified using multivariate analyses were patients with DSA and screw placement in the C-6 lateral mass.
Previous Studies on Intraoperative Lateral Mass Fracture
The previous clinical studies by Katonis et al., 14, 15 Sekhon, 24 and Inoue et al. 12 reported that the incidence of lateral mass fractures during cervical lateral mass screw fixation was 1.6%-4.0%. The incidence reported in the present study (4.7%) is higher than the value in the previous studies. In a cadaveric study by Choueka et al., 6 however, lateral mass fractures on screw insertion were detected in 6% of masses fixed with Roy-Camille screws and in 7% of masses fixed with Magerl screws. From a clinical viewpoint, the apparently higher incidence indi- cated in the present study may be attributed to the following factors. First, surgical indication has been expanded to complex deformities and instabilities as well as patients with DSA and RA complicated by substantial bone fragility. 12, 18, 26, 28, 29 Consequently, the incidence in our current practice may well be higher than the value reported in previous literature. Incidentally, incidence of patients without poor bone quality such as either RA or DSA was 2.6%, which corresponds to the value reported in previous studies. Additionally, there is a difference in skeletal size between the Japanese and Caucasian populations, and thus the use of screws of the same size range in our patient population may have led to an increased incidence of this complication in this study.
In regard to the risk factors for intraoperative lateral mass fractures, Katonis et al.
14 claimed that an excessively lateral screw trajectory was a technical factor associated with increased incidence of lateral mass fracture. However, detailed subgroup comparisons or multivariate analyses were not performed in the previous studies, and thus the risk factors leading to this complication have not been well clarified.
Bone Fragility in Patients With Long-Term Hemodialysis
We found that DSA is a highly correlated risk factor for intraoperative lateral mass fractures. In 1984, Kuntz et al. first described radiological features of DSA of the spine characterized by disc space narrowing, vertebral erosion, and irregular endplate destruction in conjunction with minimal osteophyte formation as a complication observed in patients undergoing long-term hemodialysis. 16 Since 1984 the number of reports regarding DSA has been increasing. 20 The cervical spine is the most commonly involved spinal region. In a 5-year radiological prospective study, Leone et al. 17 reported finding cervical spine DSA in 19% of patients. Patients with DSA have severe bone fragility due to renal osteodystrophy and a decrease in bone mineral density. 18, 19, 29 The quality of bone in patients with renal osteodystrophy was compromised by various pathologies such as secondary hyperparathyroidism, 1,25-dihydroxyvitamin D deficiency, previous immunosuppression therapy, chronic acidosis, secondary amenorrhea, and chronic aluminum and heparin exposure. 27 It has been reported that the age-adjusted incidence of hip fractures in the hemodialysis population was 4.4 times greater than that in the general population, while the relative risk of hip fracture increased as the time period since first dialysis increased.
1 Risk factors for the development of DSA include the duration of renal failure, duration of hemodialysis therapy, and clinical variables. 17, 20 The mean duration of hemodialysis in patients with DSA in the present study was 19 years (range 12-30 years), and the impaired bony properties in this population were thought to be correlated to an increased incidence of intraoperative lateral mass fracture. 
Level of Fixation
The incidence of intraoperative lateral mass fracture was shown to be significantly higher at the C-6 level than at other cervical levels. This tendency may be due to the anatomical characteristics of the subaxial cervical spine. It has been shown that the width of the C-6 lateral mass in general is thinner than that of C-3.
7 Moreover, there have been several reports showing anatomical differences between C-3 and C-6. 5, 8 We have previously reported that the majority of facet violations were detected at the C-6 level with a significantly higher incidence compared with other levels.
12 Therefore, the results of this study and findings in previous literature may instill caution for placing screws at the C-6 level.
Relationship With Screw Diameter
Our study demonstrated no statistically significant difference between 4.0-mm and 3.5-mm screws with regard to intraoperative lateral mass fracture (5.5% vs 3.6%). In a supplemental subgroup analysis, use of 4.0-mm screws in patients with DSA was associated with an increased risk for intraoperative lateral mass fracture compared with 3.5-mm screws (25.6% vs 8.0%). Thus, in primary posterior cervical spinal fusion for patients with DSA, 3.5-mm screws may be selected to reduce the risk of intraoperative lateral mass fracture. In assessment of the effect of screw diameter on the incidence of this complication, the size of the lateral mass can be another factor influencing the results; however, analysis in this regard was not feasible due to the lack of data relevant to volume of the lateral mass.
Management for Intraoperative Lateral Mass Fracture
Considering the intraoperative management to deal with the occurrence of lateral mass fracture, the screw trajectory/length was altered or screw placement at the corresponding level was abandoned in approximately 80% of the cases. Sekhon 24 recommended conversion to a modified Roy-Camille technique when the insecurity of the fixation was in doubt. Conversion to a modified transarticular screw technique as proposed by Miyamoto et al. 21 is another option. In the case of substantial lateral mass fracture at C-6 at the lowest fixation level, conversion to the C-7 pedicle screw technique may be a way to deal with this complication. 
Study Limitations
There are some limitations of this study. First, the study design is a retrospective review based on the operative record, and surgeries were performed by multiple surgeons with varying levels of experience. Therefore, confounding variables such as errors of entry point or the trajectory of lateral mass screws were involved in the occurrence of this complication. Second, diagnosis of the fracture was solely based on the surgeon's perception; however, CT scanning is the most effective way of evaluating the postoperative condition of the lateral masses. If the complication had been assessed by CT in the early postoperative period, the actual incidence may have been greater than the value reported here. Third, because bone mineral density data were not available for all patients in the current study and the volume of the lateral mass was measured by CT reconstruction, it was impossible to analyze this complication in relation to bone quality or lateral mass size. Finally, the effect of this complication on the subsequent clinical course was not examined in the analysis. A clinical follow-up evaluation for this group of patients is required to examine the significance of the present study.
Conclusions
The overall incidence of lateral mass fracture during cervical lateral mass screw fixation was 4.7%. The occurrence of this complication compelled the surgeon to reinsert the screw with a different trajectory/screw length or skip the fixation at the corresponding level. Independent risk factors identified by multivariate analyses were DSA and screw placement in the C-6 lateral masses. Use of 4.0-mm screws in patients with DSA may be a principal risk factor for this complication.
